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1. INTRODUCTION AND PURPOSE 

This engineering design file (EDF) evaluates the weight of the PM-2A tanks (V-13 and 
V-14) for purposes of lifting them from their current location in the TSF-26 site and placing 
them on a transporter, transporting them to the TAN-607A High Bay, and placing them in 
storage. The calculations also provide an independent verification of the preliminary weight 
calculations completed by Intrepid Technology & Resources, Inc., and estimated maximum 
tank weights specified in Bechtel BWXT Idaho, LLC technical and functional requirements 
(TFR) document, TFR-234, “Technical and Functional Requirements for the Remediation of 
PM-2A Tanks, TSF-26, Operable Unit 1-10.” 

2. BACKGROUND

The PM-2A tanks, designated V-13 and V-14, are two 50,000-gal carbon steel 
underground storage tanks. The tanks are 12.5 ft in diameter and 55 ft long and are positioned 
horizontally in concrete support cradles. Tank contents following decontamination and 
decommissioning activities, as documented in Final Report, Decontamination and 
Decommissioning of TAN Radioactive Liquid Waste Evaporator System (PM-2A) (EG&G 1983) 
consisted of 1,860 gal of sludge in V-13 that was 12 in. thick and 360 gal of sludge in V-14 that 
was 4 in. thick. Approximately 10,000 lb of diatomaceous earth was added to each tank to 
absorb free liquids resulting in a layer approximately 8 in. thick. The density of the tank 
contents (1.0098 g/cm3) was calculated from a weighted average of the densities of the sludge, 
water, and diatomaceous earth (EDF-4453). 

3. CALCULATIONS

3.1 Tank Weight 

Tank weight is based on an asphalt-coated steel cylinder with flat ends: 55 ft in length, 
12.5 ft in diameter, and 5/8 in. in width. The density of A-36 mild steel is 0.283 lb/in.3 and
81 lb/ft3 for the asphalt coating. The total volume of steel for the tank cylinder is equal to the 
volume of the outer cylinder (12.5 ft diameter) minus the volume of the inner cylinder (12.396 ft 
diameter).

The formula for the volume of a right circular cylinder is:  r2 h   

where:   

= 3.1417 

r = radius of the cylinder 

h = height of the cylinder. 

Outer Cylinder = (6.25 ft)2(55 ft) = 6750 ft3

Inner Cylinder = (6.198 ft)2(55 ft) = 6638 ft3 difference = 112 ft3



PEI-EDF- 1006
Rev. 0

TEM-0104 

03/30/2004 

Rev. 0

ENGINEERING DESIGN FILE

Page 4 of 6

Volume of Tank Ends = (6.25 ft)2(0.0521 ft)(2 ends) = 12.8 ft3

Weight of Tank = 125 ft3 steel x 0.283 lb/in.3 x 1728 in.3/ft3 = 61,128 lb 

Weight of Tank Hatch Covers, Four Steel Reinforcing Bands, Welds, etc., is approximated 
by using 7% of Tank Weight = 0.07 x 61,128 lb = 4,278 lb 

Tank Weight without Asphalt Coating = 65,406 lb. 

3.2 Weight of the Asphalt Coating

Total Tank Surface Area x Coating Thickness x Asphalt Density = Weight 

Area of Ends =  r2 (2 ends) =  (6.25 ft)2 (2) = 245 ft2

Area of Cylinder = 2  r h = 2  (6.25 ft)(55 ft) = 2160 ft2

(Total Tank Surface Area) (Coating Thickness) (Asphalt Density) = (2405 ft2) (0.0052 ft) 
(81 lb/ft3) = 1,013 lb of asphalt 

Tank Weight with Asphalt Coating = 65,406 lb + 1013 lb = 66,419 lb. 

3.3 Sludge Weight 

There is a significant difference in the quantity of sludge between Tanks V-13 and V-14. 
The table below is from EDF-4453 and outlines the quantities of sludge, diatomaceous earth, 
and water estimated with each tank.

Table 1. Quantities of sludge, diatomaceous earth, and water estimated with Tanks V-13 and 
V-14.

Sludge Mass Calculation 

Tank Identification Total Gal Density (g/cc) Total kg 

V-13 1,870 1.35 9,555 

V-14 370 1.35 1,891 

Diatomaceous Earth Mass Conversion 

 lb Conversion Factor kg 

V-13 9,800 0.4536 4,445 

V-14 10,200 0.4536 4,627 

Water in Diatomaceous Earth Mass Conversion 

 Total Gal Density (g/cc) kg 

V-13 2,191 1 8,293 

V-14 2,281 1 8,634 
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Table 1. (continued). 

Total Sludge Mass 11,446 

 Diatomaceous Earth Mass 9,072 

 Water in Diatomaceous Earth 16,927 

Based on the tank contents numbers in the above table, V-13 contains 22,293 kg (49,148 lb) 
of sludge and V-14 contains 15,152 kg (33,404 lb) of sludge, making V-13 the heaviest tank and 
the one that will be conservatively used for lift calculation purposes. 

Sludge Weight in V-13 = 49,148 lb. 

3.4 Lifting Hardware 

Lifting hardware consists of the eight lifting pads with lifting lugs that will be welded to 
each tank to provide secure attachment points for tank lifting by the crane. The estimated 
weight of the lifting hardware that will be added to each tank is 1,550 lb (EDF-4453). 

Lifting hardware estimated at 1,550 lb. 

Total Tank Lift Weight

Tank     65,406 lb 

Coating     1,013 lb 

Contents   49,148 lb 

Lifting Hardware   1,550 lb

Total Tank Weight 117,117 lb =>118,000 lb (to be conservative). 

4. CONCLUSION

Portage Environmental, Inc., calculates the weight of the heaviest PM-2A tank (V-13) as 
117,117 lb. This weight will be rounded up to 118,000 lb for total tank weight used in future 
calculations.

5. REFERENCES

Duratek, Calculation ST-467, Supporting Calculations for the INEEL Tanks Lifting and On Site 
Transportation.

EDF-4453, “Hazard Assessment Calculation for Hazard Classification for PM-2A Tanks (V-13 
and V-14),” Rev. 1, Idaho Completion Project, Idaho Falls, Idaho, April, 2004. 
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EG&G, 1983, Final Report, Decontamination and Decommissioning of TAN Radioactive Liquid Waste 
Evaporator System (PM-2A), EGG-2236, EG&G Idaho, March 1983. 

TFR-234, 2004, “Technical and Functional Requirements for the Remediation of PM-2A Tanks, 
TSF-26, Operable Unit 1-10,” Rev. 2, Idaho Completion Project, Idaho Falls, Idaho, 
March 22, 2004. 
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1. INTRODUCTION AND PURPOSE 

This engineering design file (EDF) evaluates the floor loading capabilities of the 
TAN-607A High Bay for placement of the PM-2A tanks and the necessary radiological 
shielding to allow continuous occupational occupancy of the High Bay as stated in 
10 CFR 835.1002. Shielding requirements for the PM-2A tanks are described in Portage 
Environmental, Inc. (Portage) EDF, PEI-EDF-1005. 

2. BACKGROUND

During Phase 1 remediation of the PM-2A tanks, the tanks will be excavated and 
transported to the TAN-607A High Bay for storage. Because the tanks contain sludge 
contaminated with radionuclides, shielding will have to be placed in the TAN-607A High Bay 
to prevent personnel exposure and allow unrestricted access for normal occupational 
occupancy while the tanks are in storage. The floor loading from the combination of the tanks, 
support structures, and associated shielding is expected to be significant. To prevent any 
potential damage to the High Bay floor, a structural engineering evaluation of the floor 
loading restrictions was performed by Eclipse Engineering, Inc. (Eclipse), under contract to 
Portage. The floor loading analyses are included in this EDF as Attachment 1.  

3. ANALYSIS RESULTS 

Eclipse performed the structural analysis of the TAN-607A High Bay floor based on the 
original structural drawings provided by Bechtel BWXT Idaho, LLC. In areas of the floor 
where additional reinforcing was done for specific project requirements since initial 
construction, no credit was taken for reinforcing that was not documented on as-built 
drawings. The Eclipse analysis divided the High Bay floor into seven sub-areas with specific 
floor-loading capacities. These sub-areas are delineated on Portage Drawing 
P-FFA/CO-PM2A-003 (Attachment 2). 

Sub-Area 1 – 500 lb/ft2

Sub-Area 2 – 2,615 lb/ft2, except in the assembly pit area, which is limited to 285 lb/ft2

Sub-Area 3 – 500 lb/ft2

Sub-Area 4 – 1,542 lb/ft2

Sub-Area 5 – 1,490 lb/ft2

Sub-Area 6 – 500 lb/ft2

Sub-Area 7 – 500 lb/ft2, except the strip supporting the railroad tracks, which can support 
1,895 lb/ft2.

Eclipse evaluated the assembly pit in Sub-Area 2 and recommended a structural cover 
that would allow placement of the PM-2A tanks on Sub-Areas 2 and 4 without damaging the 
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floor. The structural cover consists of tube steel planks (HSS 8 in. wide by 2 in. high by 20 ft 
long, 0.188-in. wall thickness) placed across the assembly pit area (57 ft 6 in. long by 4 ft wide) 
to transfer the load to the higher strength areas of Sub-Area 2. The evaluation of the area used a 
205,000-lb total load on a six-axle transporter, with concrete shielding installed 12 ft from the 
planking centerline for personnel exposure protection. The tank transporter tires exerted 
6,960 psf on the steel planking and the shielding added 870 psf per lineal foot approximately 1 ft 
away from the steel planking with the combination resulting in permissible floor loading. The 
analysis was performed using less axles (six versus 12) on the trailer to ensure adequate 
strength for the additional weight (approximately 100,000 lb) from anticipated grouting in 
Phase 2 that the transporter and floor will have to carry safely when the tanks are removed from 
the TAN-607A High Bay. Details are provided in the assembly pit cover design in Attachment 1.  

For areas where the floor-loading capacity is less than the force applied by a point load 
like a tire, factors such as slab thickness, slab design, and overall floor loading must be 
examined to determine what point load can be safely applied to the floor. Concrete floors are 
designed to distribute loads so that an individual point on the floor never actually carries the 
entire load. As an example, Sub-Area 4 has a floor rating of 1,542 psf, but can safely support 
movement of a PM-2A tank on the transporter having an axle load of 34,167 psf (205,000-lb 
load, six axles) because of the floor design and lack of other additional floor loading (details in 
Attachment 1).  

4. CONCLUSIONS

The TAN-607A High Bay floor will require a structural cover over the assembly pit area to 
safely allow anticipated floor loading from the PM-2A tanks and associated shielding. The 
floors outside the assembly pit will not require any additional strengthening or modifications to 
safely support floor loadings from transport and placement of the tanks and associated 
shielding in the High Bay. Additionally, the floor loadings and cribbing equipment in 
Sub-Areas 2 and 4 have been checked with the anticipated extra weight (100,000 lb) that 
grouting may add during Phase 2 activities and determined adequate. In the event that future 
operations require capacity floor loadings in localized areas of the High Bay, additional 
structural covers can be utilized to safely disperse the load. 
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5. REFERENCES

10 CFR 835.1002, 2004, “Facility Design and Modifications,” Code of Federal Regulations, Office of 
the Federal Register, January 1, 2004. 

PEI-EDF-1005, 2004, “PM-2A Tank Shielding Requirements using MicroShield v. 6.02,” Rev. 0, 
May 2004. 
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Attachment 1 

Assembly Pit Cover Design 
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Attachment 2 

Drawing No. P-FFA/CO-PM2A-003 
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1. INTRODUCTION AND PURPOSE 

The purpose of this engineering design file (EDF) is to evaluate the impact of loads 
imposed on underground utilities located beneath the transport path for the PM-2A tanks from 
the Technical Support Facility (TSF)-26 site to the Test Area North (TAN)-607A High Bay and to 
determine the need for modification of the transport path.  

This EDF also addresses necessary relocation of overhead communication and electrical 
lines and transport path preparation activities (i.e., fill and grade) necessary for transport of the 
PM-2A tanks from the TSF-26 site to the TAN-607A High Bay. 

2. UNDERGROUND UTILITIES 

A variety of underground piping is located beneath the proposed transport path. Table 1 
provides a summary of the buried piping between the TSF-26 site and the TAN-607A High Bay. 
This piping was evaluated to determine whether the load imposed during transport of the 
PM-2A tanks would detrimentally impact the buried piping. 

Table 1. Summary of the buried piping between the TSF-26 site and the TAN-607A High Bay. 

Pipe Number Description/Typea Size 
Material of 

Construction

Depth
Below

Grade at 
Crossing Status

10” SSD-10001 Sanitary sewer from TSF 
area to TAN-711 

10 in. Concrete 8.21 ft In service 

Unidentified line 
(see Drawing 

423185, Sheet 3 of 6) 

Fire water west of 
Firehole Road 

8 in. Steel Approx. 
5 ft 

Abandoned 

10” SWD-10035 Service waste to TAN 
injection well 

10 in. Concrete 5 ft Not in 
service

Unidentified line 
(see Drawing 

423185, Sheet 3 of 6) 

Fire water main west of 
Firehole Road 

4 in. Steel Approx. 
5 ft 

In service 

Unidentified line 
(see Drawing 

217515) 

Water line east of 
Firehole Road 

4 in. 
(assumed) 

Steel Approx. 
5 ft 

In service 

Unidentified line 
(see Drawing 

217515) 

Water line from 
TAN-609 

4 in. 
(assumed)

Steel Approx. 
5 ft 

Abandoned 

Unidentified line 
(see Drawing 

423185, Sheet 3 of 6) 

Fire water line from 
TAN-609 

4 in. 
(assumed)

Steel Approx. 
5 ft 

Abandoned 

Unidentified line 
(see Drawing 

423185, Sheet 3 of 6) 

Fire water main 4 in. 
(assumed)

Steel Approx. 
5 ft 

In service 

8” SSD-10009 Sanitary sewer from 
TAN-609 

8 in. Concrete Approx. 
7 ft 

Abandoned 
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Table 1. (continued). 

Pipe Number Description/Typea Size 
Material of 

Construction

Depth
Below

Grade at 
Crossing Status

8” SSD-10002 Sanitary sewer MH#1 to 
MH#2

8 in. Concrete Approx. 
10 ft 

In service 

8” SWD-10036 Service waste from 
TAN-607 

8 in. Concrete Approx. 
5 ft 

Abandoned 

8” SWD-10038 Service waste from 
TAN-609 

8 in. Concrete Approx. 
5 ft 

Abandoned 

Unidentified line 
(see Drawing 

217515) 

Water across Snake 
Avenue

8 in. Steel Approx. 
5 ft 

In service 

Unidentified line 
(see Drawing 

217515) 

Water west of TAN-607 8 in. Steel 
encased in 
concrete

under tracks 

Approx.
5 ft 

In service 

10” SSD-10001 Sanitary sewer 10 in. Concrete 
encased in 
concrete

under tracks 

Approx.
9 ft 

In service 

a. Buried Waste Line Register for NRTS (Paige 1972). 

Based on a review of the piping, the two concrete sanitary sewer lines were determined to 
have the highest potential for damage resulting from transport of the PM-2A tanks. The 10-in. 
line is approximately 8 ft below the ramp from the TSF-26 site. The 8-in. line is approximately 
10 ft below Snake Avenue.

2.1 Imposed Load

The weight of the transporter, tank, and saddle supports is estimated to be 237,000 lb. The 
wheel load is estimated to be 4,032 lb/ft2 (Duratek Drawing C-067-RP0003-003).  

2.2 Breaking Strength of the 10-in. Sewer Pipe 

Available records indicate that the sanitary sewer line is 10-in. concrete pipe 
(R. M. Parsons Drawing 1229-5-ANP/GE-3-607-U106). No additional design data have been 
identified for the sanitary sewer line. Therefore, it is assumed that line is bedded properly and 
the crushing strength is equal to 2,000 lb/lf. (Design Data 25; see Attachment 1 [ACPA 1974])

2.3 Load Analysis 

The vertical external load on the 10-in. sanitary sewer line is calculated with the following 
assumptions:
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The soil are relatively dry soils conservatively estimated to weigh, W = 120 lb/ft3

The height of the soil above the top of the pipe, H, is 8.21 ft. 

2.3.1 Live Load 

Impact factor (1.75, most conservative value) 

Percent of wheel load on pipe (from table on Page 40 of Clay Pipe Engineering Manual; 
see Attachment 1 [NCPI 1968]) = 0.60% 

From table on Page 101 of the Concrete Pipe Design Manual (see Attachment 1 
[ACPA 1970]), a 10-in. pipe, the weight of the soil at 120 lb/ ft3, and a 8-ft depth the 
maximum worst-case load = 1,193 lb 

The wheel load transmitted to the pipe x impact factor x wheel load 

(0.006 x 1.75) (4,032 lb)  42 lb. 

2.3.2 Maximum Actual Load 

1193 lb + 42 lb = 1,235 lb, which is less than 2,000-lb crushing strength. Therefore, no 
reinforcing is necessary. 

Using appropriate values for the 8-in. line, the maximum load is calculated at 1,248 lb, 
which is less than the 2,000 lb required to crush the pipe (see Attachment 1). 

2.4 Evaluation of Other Piping 

The steel water lines and fire water lines have allowable working pressures that are in 
excess of the crushing strength of the 10-in. or 8-in. sanitary sewer lines. The maximum working 
pressures for these pipes (assumed to be Schedule 40 wrought steel pipe) are 1,400 psi for the 
4-in. pipe and 1,100 psi for the 8-in. line, respectively. Because of the working pressure of these 
lines, no additional evaluation is necessary.  

3. OVERHEAD COMMUNICATION AND ELECTRICAL LINES 

The height of the transporter and tank is approximately 21.5 ft. The following list 
summarizes the overhead line heights and required actions. 

Immediately east of the TSF-26 site, power and communication lines cross the path of the 
transporter at heights of 33.1 ft and 20.8 ft, respectively. The communication line should 
be raised or removed.

Two communication lines run south from power pole #54-8 across the transporter path at 
heights of 19.7 ft and 18.6 ft. Both of these lines will need to be raised or removed.  
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A set of power and communication lines run parallel to Snake Avenue. The transport path 
crosses beneath these lines between power pole #54-8 and #54-7. The power lines are at a 
height of 40.5 ft and communication lines are located at 20.5 ft, 21.1 ft, 21.7 ft, and 24.5 ft. 
The three communication lines should be raised or removed.  

4. TRANSPORT PATH FILL AND GRADE REQUIREMENTS 

Based on site visits conducted by Portage Environmental, Inc., and its sub-tier contractors, 
only one area of the proposed transport path requires additional fill and grading to support 
transport of the PM-2A tanks beyond that already specified as part of tank excavation and site 
preparation activities associated with the TSF-26 site. The area directly west of the TAN-607A 
High Bay entrance and the access road requires fill and grading to support the turn radius of 
the transporter to allow the load to be backed into the TAN-607A High Bay. 

An area 20 ft in width and 90 ft in length from the edge of the existing asphalt top will 
need to be filled, graded, and compacted along the railroad tracks. Fill materials shall be placed 
in loose lifts not exceeding 6 in. in thickness, uniformly moisture-conditioned, and compacted to 
a minimum of 90% of maximum dry density per ASTM D-698, within 2% of optimum moisture 
content. The top of the finished grade (ground surface) will be flat and level with the tops of the 
rails.

5. CONCLUSIONS AND RECOMMENDATIONS 

Based on review of the buried piping beneath the transport path, no additional site 
preparation actions are necessary for the transport of the tanks. 

Six overhead communication lines need to be removed or raised to provide adequate 
entrance during transport of the tanks. 

Grade and fill activities are required west of the TAN-607A High Bay. 

6. REFERENCES

ACPA, 1970, Concrete Pipe Design Manual, American Concrete Pipe Association, 1970. 

ACPA, 1974, “Three-Edge Bearing Strengths Nonreinforced Concrete Pipe and Clay Pipe,” 
Design Data 25, American Concrete Pipe Association, July 1974. 

NCPI, 1968, Clay Pipe Engineering Manual, National Clay Pipe Institute, 1968. 

Paige, B. E., 1972, Buried Waste Line Register for NRTS, Part II TAN, Allied Chemical Corporation, 
ACI-108, January 1972. 
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7. DRAWINGS

C-067-RP0003-003, Duratek Drawing, INEEL PM-2A Tank Site Transportation and Hardware,
Revision 2, May 12, 2004. 

1229-5 ANP/GE-3-607-U106, The Ralph M. Parsons Company Drawing, ANP Assembly & 
Maintenance Area Expansion of Assembly & Maintenance Bldg. 607 Civil Water-Engine Fuel-
Steam-Sanitary Sewer Plans and Profiles, Revision B, August 3, 1956. 

1230 TAN/TSF 305-1, TAN Area Waste Line Identification, November 16, 1971. 

217515, Water Line A&M Area, April 1, 1957. 
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